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Introduction
The goal of silage fermentation is to produce enough lactic acid and to inhibit plant catabolic enzymes and growth of undesirable epiphytic microorganisms. The most numerous undesirable microflora are the Enterobacteriaceae and yeasts and molds; they compete with the lactic acid bacteria (LAB) for fermentable sugars. Clostridial spores (obligate anaerobes) can also multiply rapidly as soon as oxygen is depleted and can lead to extensive deterioration.
Alfalfa is generally recognized as difficult to ensile, because of its high buffering capacity, wide range in moisture contents, and low level of water soluble carbohydrates (WSC). Typically, multiple cuttings are ensiled at numerous stages of maturity throughout the growing season, which further contributes to the variability seen in alfalfa silage. Stimulating fermentation by adding bacterial cultures has become common. These products are safe to handle and help establish a homolactic fermentation (fermentations producing only lactic acid). Our objective was to determine the effects of a commercial bacterial inoculant and WSC additions on the ensiling process of two alfalfa cuttings, each harvested at three maturity stages. The effect of these additives on microbial succession was presented last year (KAES Report of Progress 623).
Experimental Procedures
In 1989, a second-year stand of Cody alfalfa was mowed and swathed at the 2nd and 4th cuttings each at late-bud, 10% bloom, and 50% bloom and wilted in the windrow for 5 to 6 h prior to chopping. The chopped alfalfa received no additive (control), dextrose at 2% of the forage DM, Biomate inoculant (Lactobacillus plantarum and Pediococcus cerevisiae; from Chr. Hansen's Bio Systems, Milwaukee, Wisconsin) to provide 1.5 × 10 5 colony-forming units (cfu)/g of fresh forage, or a combination of dextrose and Biomate. All material was ensiled in 4 × 14 in. PVC laboratory silos and packed to the same density using a hydraulic press. Each silo was equipped with a Bunsen valve at one end, which excluded air but enabled gases to escape. Silos were stored at 80 ± 5 F. Three silos per treatment were opened at various times during the 90-day ensiling period. Silage samples were taken aseptically for microbiological and chemical analyses at each opening.
Each alfalfa cutting was analyzed separately as a split-plot design, in which the whole-plot was a randomized complete block and opening times were the sub-plots. The general linear models procedure of SAS® was used to analyze the data, and a probability of P<.05 was used to denote significance, unless otherwise indicated.
Results and Discussion
Presented in Table 1 are the chemical compositions and epiphytic microflora count of the chopped, pre-ensiled alfalfas. Even though wilting times were the same, the DM in the chopped material averaged 37.4% at the second cutting vs. 26.1% at the fourth. Temperature was higher and relative humidity was lower when the second cutting was wilted. The 10 and 50% bloom, second cutting alfalfas had the lowest buffering capacities, and the late-bud, second cutting had the lowest WSC content. Both buffering capacity and WSC content were relatively high for the fourth cutting alfalfas. All five categories of epiphytic microorganisms were found on the preensiled material and Enterobacteriaceae were predominant (10 cfu/g). The lactobacilli, 6 pediococci, and leuconostoc group of LAB was only a small and variable proportion of the total population; 10 to 10 cfu/g.
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Fermentation results are presented in Table 2 . pH decreased (P<.05) as stage of maturity advanced. It was lowered (P<.05) by dextrose and the combination treatments in the fourth cutting silages, but only by the combination in the second cutting silages. Lactic acid increased (P<.05) and acetic acid, ethanol, and ammonia-nitrogen decreased (P<.05) as maturity advanced for the second cutting silages, but not in the fourth cutting silages. The combination-treated silages had the best fermentation profiles; more lactic acid and less acetic acid, ethanol, and ammonianitrogen. Adding dextrose improved the fermentation of the fourth cutting silages compared to the controls. Lactic acid content in the second cutting silages increased (P<.05) from day 1 to 3 but did not change (P>.05) during the remainder of the ensiling period. For the fourth cutting silages, lactic acid contents were similar (P>.05) during the first 7 days, but decreased sharply (P<.05) thereafter.
Acetic acid, ethanol, and ammonia-nitrogen increased in both second and fourth cutting silages throughout the 90-day ensiling period. Tables 3 and 4 are the changes that occurred in the fermentation characteristics during the ensiling period. Silages treated with Biomate alone had lower (P<.05) pH values only at 12 h compared to the control silages, but the combination-treated silages had lower pHs all the way to day 90. In general, adding dextrose alone to the fourth cutting silages had the same effect on the rate of pH decline as combining dextrose with inoculant. At the end of the 90-day ensiling period, all silages had similar pH values (P>.05), regardless of treatment.
Shown in
Although lactic acid was slightly higher in the second cutting, late-bud alfalfa silages than in either the 10 or 50% bloom silages at days 1 and 3, it was lower (P<.05) in the late-bud silages thereafter. In the fourth cutting silages, lactic acid was higher in the 50% bloom than in either the late-bud or 10% bloom silages at each time period. In contrast to the second cutting silages, stage of maturity did not consistently influence acetic acid levels; silages from each maturity stage had the highest value at some time during the ensiling period. Ammonia-nitrogen content was highest (P<.05) in the late-bud silages from days 3 to 90, but ethanol levels were not affected by stage of maturity.
In second cutting silages, those treated with Biomate alone had the highest lactic acid at day 1 of fermentation. After day 1, the combination-treated silages had higher (P<.05) lactic acid levels than the control and Biomate-treated silages. The combination and dextrose-treated silages had similar (P>.05) lactic acid values after day 3. In the fourth cutting alfalfa, dextrose-treated silages had higher (P<.05) lactic acid during the first 7 days than controls, but only the combination silages maintained these higher levels at the end of 90 days. Biomate inoculant alone did not affect lactic acid content at any time during the ensiling period.
At 90 days, all treated silages had lower acetic acid levels than control silages, but only Biomate-treated and combination silages produced lower (P<.05) levels of ethanol. Ammonia-nitrogen content was not affected (P>.05) by the additive treatments. Butyric acid was detected in only two of the 24 silages; .15 and .87% in second cutting, latebud control and Biomate-treated silages, respectively. Propionic acid was present in a few of the silages, but always less than .2% of the dry matter.
The difficulties encountered in successfully ensiling alfalfa were similar to those in several previous studies (KAES Report of Progress 567). Among the six control alfalfa silages, only two (second cutting, 10 and 50% bloom) were well preserved, as evidenced by a low and stable pH; relatively high lactic acid; and low acetic acid, ethanol, and ammonia-nitrogen. Those two alfalfas also had higher pre-ensiled DM and lower buffering capacities than the other four alfalfas. The addition of Biomate inoculant to the alfalfa silages improved the fermentation profile at the end of the 90-day ensiling period compared to the controls, but did not increase the number of well preserved silages. We have previously observed that inoculants improved the fermentation characteristics in numerous crops even when control silages were also satisfactorily preserved, but inoculants have not consistently improved silages that might not be capable of adequate fermentation.
All alfalfa silages benefitted from dextrose addition alone, especially in the first few days of fermentation, as evidenced by higher lactic acid and lower pH. However, by the end of 90 days, the only improvement from adding dextrose alone was a modest reduction in acetic acid in the second cutting silages. The increased acetic acid and decreased lactic acid in the latter stages of fermentation in all alfalfa silages, especially the fourth cutting, probably demonstrates WSC depletion and subsequent fermentation of lactic acid to acetic acid by lactic acid bacteria. )))))) log cfu/g of fresh forage )))))) )))))))))))))))) Second cutting )))))))))))))))))) pH 5.38 ** * ** NS ))))))))))) % of the silage DM )))))))))))) .64 a ** NS ** NS ))))))))))))))) Fourth cutting )))))))))))))))))) pH 5.34 ** ** ** ** )))))))))) % of the silage DM )))))))))))) Lactic acid 3.88 ))))))))) % of the silage DM ))))))) )))))))) % of the silage DM )))))))) 
